to help pay for Saul's medical education even the shop's scales and a Russian silver box of his mother's had to be pawned.
One has now to consider what effect this background of learning and near want had on Saul Adler's character. He himself used to say that he derived his great love of books from his father. He started to learn Hebrew before he was five and to master the intricacies of Hebrew grammar before he was eight. At this age, going with his father to sermons on Saturday afternoons, he acquired the capacity of listening to boring speakers without showing obvious signs of inattention. In his studies he was encouraged by his father to acquire the same mastery of English which his father had of Hebrew. Although, therefore, his father was the potent intellectual influence on Adler, his mother had her own special influence. From her he derived his diffidence, gentleness, kindness and improvident generosity. She read widely in Yiddish literature and also enjoyed listening to her son reading to her stories from the great Yiddish writer Shalom Aleichem.
Both parents had an almost obsessive code of ethics and honesty and this became deeply ingrained in all members of the family. They had a great yearning for a western education, an ambition which could not be attained in Czarist Russia. It was for this reason that Saul's father decided to emigrate to England, where he settled in Leeds, in order that his children should obtain a western education. This he did in 1900, followed a few months later by his wife with Saul and one sister, the former being then five years old.
Childhood and schooldays
Saul's first school was the Gower Street Board School, since extinct. He obtained a scholarship at Leeds Central High School in 1906, a recently founded secondary school based on a pattern recommended by Huxley. Saul's childhood and youth in Leeds were such as to influence his whole future outlook on life. The home environment was that of poor immigrants and was the basis of his subsequent understanding and respect for the poor and underprivileged. This was the environment of first-generation Jewish immigrants and whilst it had its limitations its positive features and aspects appear at their very best in Saul. The range of his interests and acquain tances in these early years was truly catholic. One of his acquaintances was one Joe Fox who later became British welterweight champion, while another was Wolf Solomon who became athletic instructor at Uppingham. Another friend was a pauper scholar who taught him the intricacies of Hebrew grammar. This friend emigrated to America in 1904 and during a trip by Saul to America in 1946 he decided to try and find him, a quest in which he succeeded in Chicago after a lapse of over forty years!
Youth and university
In 1912 Adler gained a medical scholarship to Leeds University where he qualified in medicine in 1919.
General considerations
Adler was incapable of removing difficult staff and unkindness towards anyone was quite beyond him. The limelight had no attractions for him but he greatly appreciated recognition by other scientists such as when Noguchi congratulated him on some of his work on kala-azar. Others whose apprecia tion delighted him were Rutherford (in whose biography he is mentioned), Dale, Keilin and Haldane. The latter was much attached to Saul and they had many mutual interests. One remarkable characteristic of Adler was the combination of scientific and aesthetic qualities he exhibited. He had a deep love for and knowledge of English and Hebrew poetry and his mastery of both languages was remarkable. He preferred not to see Shakespeare on the stage on the grounds that the poetry was more satisfying when one read the plays.
Adler was an extremely competent linguist. He spoke, read and lectured in English, French, German, Italian, Portuguese, Hebrew and Yiddish. His mastery of English and Hebrew was manifested by his translation of Darwin's Origin of species into Hebrew, in which language he actually had to coin new words when there was no Hebrew equivalent for an English word. Thus he had to coin a word for sex because the standard word in Hebrew for sex is the same as that for species. For this work, published in 1960, Adler received the Israeli literary prize, the Tchernichovsky, for its literary merit. Another example of his versatility is the fact that in a period of five weeks he lectured in Portuguese in Brazil, in French in Paris, in English in London, in Italian in Rome and in Hebrew in Israel! Further proof of his linguistic talent occurred on an occasion when Chain lectured in Jerusalem on the structure of penicillin. He spoke in English and at the end of the lecture a request was made that the lecture should be repeated in Hebrew. Adler, who was in the chair, and seemed to have been dozing, got up and gave a masterly fifteen-minute summary in Hebrew of the whole highly complicated lecture. This evoked an astonishing ovation for a phenomenal performance.
In 1960 Adler gave the Magnes lectures on 'Darwin and Darwinism', the first entitled 'Darwin and his work' and the second 'Darwinism and ethics' These were published in Hebrew. While on the subject of Darwin, Adler's hypothesis that Darwin s illness was due to Chagas disease caused by infec tion with Trypanosoma crugi is well known and has caused co interest and comment. This is touched on later.
Although Adler had a remarkable memory he also had a reputation for absent-mindedness. The following story, although probably apocryphal, is an amusing illustration. One day, while wandering through Jerusalem, he got into a quarter with which he was unfamiliar. Almost anyone in Jerusalem would know him, so he stopped a passer-by and asked him if he could direct him to the street where Professor Adler lived. The individual addressed looked at him in some astonishment and said: 'Daddy, don't you recognize Adler was a great traveller and besides the countries in which he lectured he visited England, Persia, Italy, France, M alta, Greece, Australia, South Africa, America-North and South-(Brazil, Peru, Panama), Kenya, Iraq, Syria, Cyprus and China. Curiously, and especially in view of his life-long studies on L e i s h m a n i a, India was one of the countries he never visited.
Saul Adler
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Honours Adler was the recipient of many honours both for his scientific and literary achievements as the following list-possibly incomplete-will show. Fellow of the Royal Society (1957) . O rder of the Greek 'Atheneum'. Laveran Prize. Gaspar V ianna M edal (Brazil). Chalmer's M edal (1933.) Tchernichovsky Prize (1960). O.B.E. (1946) . Israeli Prize for Medical Science (1957) . Bublik Prize, given on his deathbed (1966).
Scientific career
Having given a broad view of Adler's antecedents, family life and truly lovable character, one has now to consider the life work of this remarkable combination of scientist and humanist.
His scientific interests were widely dispersed, their scope being evidenced by an enumeration of the subjects studied by him. These included Leishmania, malaria, entomology, spirochaetes, Theileria and serology, to mention only the more im portant subjects.
To some extent his scientific life can be divided into periods, albeit without sharply defined limits. Firstly there were the formative years when he worked at the Liverpool School of Tropical Medicine from 1920 to 1921 and came under the influence of Professors J . W. W. Stephens, F.R.S., W arrington Yorke, F.R.S. and R. Newstead. There is no doubt that he benefited greatly in learning the techniques and mystique of medical research under these masters and this was always acknowledged by him. At this time he was shy, diffident and reserved in m anner and had not yet acquired the assured poise of his subsequent career.
The second period of his scientific career was the three years he spent in the Sir Alfred Lewis Jones Laboratory in Sierra Leone. Here he worked in close association with T. Southwell on a variety of subjects such as various helminthic infections of animals, malaria parasites in chimpanzees and lizards and a coccidial parasite ( Isospora) of civet cats. The third period, marking full fruition, of Adler's career started with his appointment to the Hebrew University, first in the department of Micro-biology and then, in 1928, to the Associate Professorship in Parasitology and the full Professorship in 1934. From this time onward Adler was the centre of a school of parasitology universally recognized for its activity and the diversity of its interests, in all of which he played a significant and stimulating part.
His own activities were multifarious but from 1925 onwards the most important aspect of his researches was his dedicated study of the genus Leishmania. This embodied not only research on the genus and its many recognized species throughout the world, but all the ancillary considerations such as the known and putative vectors, the zoogeography of leishmaniasis and the differentiation of species by serological methods. In much of this work Adler had as research assistant a young entomologist, O. Theodor, who helped in his scientific activities for fourteen years.
From this time (about 1925) instead of describing Adler's scientific work as a whole, as the years went by, the large number of individual experiments performed and the diverse subjects studied make it more convenient and less confusing to consider each subject investigated in separate sections in order to maintain a coherent narrative rather than to deal with various un connected subjects simultaneously investigated, the only connecting link in which would have been the time factor.
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Biographical Memoirs
Leishmaniasis
The main thread winding through the whole of Adler's scientific career could be defined in one word ' L e i s h m a n i a' and this subject is the first to be considered. Working in the Mediterranean area he, naturally, was interested in the local forms of leishmaniasis, both visceral and cutaneous and the intriguing problem of transmission by phlebotomine flies. Thus in 1925, with O. Theodor, he recorded experimental transmission of cutaneous leishmaniasis (oriental sore) to man from the sandfly Phlebotomus papatasii. It will be noted that no claim is made for transmission by but only from the fly* This experiment involved the crushing of an insect infected with leptomonad flagellates and scarification of the material into the skin of a human volunteer who subsequently developed an oriental sore. In the next year this experiment was repeated using numerous P. papatasii and two indi\ iduals became infected. The flies used were wild, i.e. not laboratorybred. Attempts to infect volunteers by allowing the flies to feed upon them were unsuccessful in seven cases.
In yet another experiment laboratory-bred flies were fed upon the lesion produced by scarifying a naturally infected fly into the skin. In two cases flies which had fed on this lesion were, after an interval, scarified into the skin of a human volunteer. This produced a typical oriental sore. As a result of this experiment, Adler considered that proof of the role of P. papatasii as the vector in cutaneous leishmaniasis was complete. Although full scientific pi oof might have required the transmission to be from a naturally occurring lesion and then through the bite of a fly infected by feeding on it, the evidence is so strong as to leave little doubt that Adler's contention was justified. Besides using sandflies fed on artificially produced lesions he used the tech nique of feeding Phlebotomus on suspensions of cultures of Leishmania offered to the flies through a rabbit-skin membrane. Some of the flies so fed became infected and the scarification of these into skin produced lesions containing Leishmania.
One of Adler's experiments which could have no practical application and must only have been done in a spirit of puckish curiosity, or as a piece of virtuosity, was to transmit L. tropica from one sandfly to another without the intervention of a third agent. He first infected a sandfly by feeding it on a culture of L. tropica. The legs and wings were then removed and the fly repeatedly centrifuged in sterile saline solution to remove external bacteria. The gut of the fly was then dissected out and teased in sterile saline. To this suspension defibrinated rabbit blood was added and clean flies were fed on the suspension through rabbit-skin membrane. These flies became infected so that there was direct passage of flagellates from infected to clean fly.
About the time of this experiment the question arose as to whether a fly infected with L. tropica could bring about exit of the parasites through its proboscis, a process which would be necessary if the fly were to be a successful vector by biting a new host. To prove this flies were fed on cultures of L. tropica through a rabbit-skin membrane. Eight days later some of these were re-fed on a hum an volunteer with negative results and others through rabbit-skin membrane into inactivated rabbit blood. This blood was sown into Shortt's NNN medium in which flagellates developed, proving that they must have escaped through the proboscis of the fly when it fed.
Although P. papatasii was generally acknowledged to be the vector of L. tropica in most of the M editerranean area certain other species of Phlebotomus were under suspicion; one of these was P. sergenti. Adler and Theodor, by infecting this species with L. tropica, showed that the flagellates behaved in it in a fashion identical with their behaviour in P. papatasii, strong presumptive evidence that P. sergenti could also act as a vector. In this connexion they were still very much involved in attempts to produce infections of L.tropica by the actual bites of sandflies instead of by scari tion. This problem was necessarily bound up with the effect of mammalian blood on L. tropica when the latter is exposed to its action.
It was known that rabbit and human blood are strongly lytic to cultures of L. tropica, L. donovani and L. infantum, an action entirely dependent on complement, and that inactivated blood has no such effect. It was found, also, that the lysin in the complement was immediately inactivated when the blood entered the sandfly. One other fact which emerged was that occasion ally a rabbit serum occurred in which heat-stable lysins were present and that these heat-stable lysins were also inactivated in the sandfly.
In one experiment in this connexion infected P. papatasii were fed on various occasions on the forearm of a volunteer between 25 September 1927 and 8 January 1928. Ten months later small vesicles appeared on the site involved. These were unlike the usual early stages of oriental sore and con tained fluid in which extra-cellular Leishman-Donovan bodies were found. Sandflies fed on these lesions remained uninfected. That the lesions were really the results of the flies' feeding ten months before has some elements of doubt as it transpired that the volunteer had lived in a quarter of Jerusalem where imported cases of oriental sore occur. A further element of doubt is raised by the fact that sandflies fed on the lesions remained uninfected.
In a comparison of infections of L. tropica in P. sergenti and P. , Adler and Theodor showed that the parasites ingested by P. sergenti from oriental sores were infective by scarification in six days when the flies were kept at 27 °C and in eight days in the case of P. papatasii kept at 19 to 23 °C. As in the case of P. papatasii the parasites moved anteriorly in P. sergenti, strong evidence that this sandfly is also a vector of L. tropica and, in fact, with certain strains of the parasite a vector even more effective than P. papatasii. In Adler's own summary of these experiments he says that 253 heavily infected P. papatasii fed on twelve humans and one puppy produced no infections, although he had previously shown that L. tropica can leave P. papatasii via its proboscis.
While working in the Middle East, Adler and Theodor made a survey of the distribution of sandflies and leishmaniasis in Palestine, Syria and Mesopotamia (Iraq). This involved a very exhaustive study of the diagnostic characters of the sandflies which it is not possible here to review in detail but which remains a valuable source of reference for entomologists interested in the genus, and a list of the species investigated shows the scope of this survey. The species found and differentiated are given below: Adler was continually doing experiments to investigate the relationships between the different species and strains of Leishmania in the old world, a study he was later to take up with the same enthusiasm in the new world. Thus he infected a human being with cutaneous leishmaniasis from a culture obtained from a naturally infected dog, thereby assuming that L. tropica is a naturally occurring parasite of the dog. In another experiment, using cul tures of a Palestinian strain of L. tropica and a Tunisian strain of canine visceral leishmaniasis, he found cutaneous lesions were produced when these were inoculated into the tails of mice, and visceral and cutaneous lesions 8 when inoculated intra-peritoneally. In the case of a Chinese hamster infected with a strain of L. infantum he showed that perniciosus readily infected even when the infection in the mammal was of low grade. This was clear evidence that P. perniciosus should be considered a good carrier of kala-azar in Italy.
Phlebotomus papatasii
In previous work he had shown that Leishmania can escape through the proboscis of the sandfly (P. p a p a t a s i i ) and he now produced furt of this in the case of P. perniciosus. This sandfly was fed on a hamster with a heavy infection of L. infantum. After 5 to 13 days these flies were fed on a solution of sodium citrate by the method of Hertig. This, in effect, was by introducing the flies' biting mouth parts into a capillary tube filled with the solution used as food. After 1 to 3 minutes the sandflies were removed and the fluid in the capillary tube examined. This was found to contain flagellates, proving that it was possible for these to escape via the proboscis of the fly. From this experiment Adler drew a somewhat curious conclusion to the effect that, in the act of biting, the sandfly can discharge flagellates through its proboscis in the absence of any active interference by the mammalian host and that this accounts for the relative frequency of M editerranean kala-azar in infants under twelve months old. He also made some very im portant observations in connexion with canine visceral leishmaniasis in this area. He found that there were wandering phagocytic cells containing Leishmania distributed almost uniformly throughout the intact dermis in all parts of the body even when the visceral infection was light. Thus if P. perniciosus was fed upon unbroken skin 32 to 65 per cent became infected. In all cases spleen smears of these dogs showed the presence of Leishmania but as comparatively light infections. Blood smears from these dogs showed no Leishman-Donovan bodies and Adler concluded that the sandflies became infected by ingesting skin juices when feeding.
He had previously shown that both P. perniciosus and P. major gave high infection rates when fed on Chinese hamsters infected with L. infantum. It was also shown that flagellates recovered from P. perniciosus when put into the skin of susceptible animals ( C ricetu lu sg riseu s and Citillus c visceral leishmaniasis and that therefore P. perniciosus is a vector of M editer ranean kala-azar. On the other hand it was obvious that transmission by P. perniciosus could not explain all M editerranean kala-azar. Thus, during a trip to Greece, Adler found that in an area which was a heavy centre of kala-azar P. perniciosus appeared to be completely absent, but P. major was common. The fact that P. major is purely nocturnal may have accounted for its having been overlooked in Greece. Between 1931 and 1934 Adler was deputed to take charge of the Kala-azar Commission of the Royal Society which, with O. Theodor, he developed into a most fruitful enquiry covering every aspect of leishmaniasis, mammalian and insectan. A series of ten reports was submitted which greatly increased knowledge of this disease and the putative vectors, at a time when this condition was also being intensively studied in Asia as well as Europe.
The first report deals mainly with epidemiology and as the result of various observations excludes transmission by contamination. The reasons given for this opinion were the rarity of family and house-to-house infections which ruled out transmission by direct contact or by an oral route. These observa tions would, of course, not have held validity for kala-azar in India where family and house-to-house infections were the rule rather than otherwise and where the presence of the parasite in stools, urine, and oral secretions might have led (incorrectly as it turned out) to different conclusions. On the other hand the demonstration of parasites in the circulating blood of 91 • 7 per cent of cases indicated the probability of transmission by biting insects. Adler and Theodor concluded that the putative biting insect must be one with a sterile alimentary tract, since the flagellate form of Leishmania will not survive in the presence of bacteria, and whose distribution must correspond with that of the disease. Certain species of the genus fulfilled these conditions and were considered in some detail and listed.
whose distribution in Italy closely coincided with that of kala-azar was considered a likely vector as, for similar reasons was P.major, both being sa group. At this stage one should mention an event which gave particular pleasure to Adler. This was his introduction of the golden hamster, Mesocncetusaureus, as a laboratory animal. From only a few^ specimens he bred this animal in numbers sufficient to distribute them, with his charac teristic generosity, to various workers. The value of this animal in many fields of biology needs no further mention.
In the second report there is an account of infantum. A description is given of the parasite both in the form of the Leishman-Donovan body and the flagellate and these are compared with similar forms of an Indian strain of L. donovani. The pathology of L. infantum is described from infections in various animals, Chinese hamsters, Syrian hamsters and voles j changes in the spleen, liver, lymphatic glands, bone marrow, adrenals and omentum are described.
Report three deals with the sandflies of the Mediterranean area. The various species are enumerated and a synoptic table (key) for the deter mination of species is given. Two new species are listed, P. macedonicus and P. canaditicus as well as a new variety of P. major-P. major var.
. A somewhat fuller account is given of the distribution and bionomics of sandflies in the Catania district, including the feeding habits and the effects of meteorological conditions.
The fourth report deals with the infection of sandflies with L. infantum and the natural parasites of wild sandflies caught in Catania. Three methods of infecting sandflies were used.
Feeding on cultuies of
L.infantum or on infected bone marrow sterile membranes. 2. Feeding on human cases. 3. Feeding on infected hamsters.
Details of all these experiments are given, descriptions of the flagellates which developed in the sandflies and their location in the insects. A trypanosome of the lizard, Tarentola m a u r i t a n i c a , was found and also a trypanosome in a w sandfly P. parroti var. italicus. Wild specimens of this sandfly fed on the lizard showed heavy infections in the cardia and stomach.
The fifth report describes the distribution of sandflies of the major group in relation to M editerranean kala-azar. The work of the Kalar-azar Com mission in India and the Commissions of the Royal Society in China and in the M editerranean area all indicate that visceral leishmaniasis is particularly adapted to carriage by sandflies of the major group; P. argentipes in India, P. chinensis in China, and P. perniciosus and P. major in Sicily. The distribution of the major group in the M editerranean area is described and related to that of M editerranean kala-azar while certain species are noted as worthy of further investigation as carriers.
In the sixth report canine visceral leishmaniasis is dealt with. A com parison of the two suspected vector species of sandfly was made by feeding them on a naturally infected dog imported from Malta. O f 31 P. major fed on this dog 25 became infected, while of 119 P. perniciosus fed 31 became infected. The implication is that P. major is a better vector of M editerranean infantile kala-azar than P. p e r n i c i o s u s , assuming the identity of the infantile diseases. T hat infection of dogs with L. infantum in M alta is wide spread was shown by Adler in a survey carried out by him in this island. O ut of one hundred dogs examined, between June and November, 11 were found infected with Leishmania. The usual indications of infection are a seborrhoea and depilation. The condition is due to infiltration of macro phages around the hair follicles, interfering with their nutrition. These macrophages contain L e i s h m a n i a, and are found throughout all areas skin, including those areas appearing normal. This condition is found, as stated previously, even when the visceral infection is slight. Thus, sandflies, P. perniciosus became infected with Leishmania when fed on unbroken skin giving infection rates of 62-5, 65-4 and 32 per cent. Histologically the skin is easily differentiated from the condition present in infections with L. tropica.
The seventh report gives further observations on canine visceral leishmaniasis. The pathology is dealt with at some length in both naturally infected dogs and those experimentally infected. It was found that an infected dog may be apparently healthy, while in dogs which died of the disease the histological findings varied. The only common factor in fatal infections is infiltration of the intestinal mucosa and sub-mucosa with macrophages and plasma cells. These findings account for the emaciation which precedes death in otherwise uncomplicated cases.
In the eighth report further observations were made on sandflies of the M editerranean basin-M alta, Greece and Palestine being dealt with. Species found were: The last three species were new for Malta. The method of feeding sandflies in the laboratory on dogs and small mammals is described, as well as the breeding technique for the insects. Observations are also made on hiberna tion and the effects of temperature on hibernating larvae.
The ninth report describes feeding experiments with various species of Phlebotomus, especially P. p e r n i c i o s u s , on animals infected with L. infa The experimental infection rate was greater in P. major than in P. perniciosus and it was considered that only sandflies with an infection of the distal part of the proboscis could transmit the disease by bite.
The tenth report is a note on a trypanosome T. platydactyli of a gecko, Tarentola mauritanica and a L e i s h m a n i a, L. tarentolae of the same lizard. In February 1933 Adler gave an account to the Societe de Pathologie Exotique of the method of transmission of blood protozoa and particularly of the Leishmanias. In this connexion he raised the question as to whether bloodinhabiting protozoa were originally parasites of vertebrates or invertebrates. He appeared to think that these two theories were not mutually exclusive. Thus there are Leishmania parasites of the intestine of lizards and one species L. henrici was found by Marcel Leger in both the rectum and blood of lizards. Adler pointed out that the most primitive form of parasitism, that of the intestinal tract, is probably to be found in insectivores such as lizards. Transition of the parasitism to the blood brought about the possibility of adaptation in blood-sucking arthropods. No trypanosome is known which is a parasite of the intestinal tract of a vertebrate although many of them can invade the blood-stream via the alimentary canal. But, whatever the mode of adaptation of trypanosomes and Leishmanias to the blood, their evident similarity to crithidias and leptomonads found in the intestinal tracts of both biting and non-biting insects leaves no doubt as to their origin. These observations are further discussed in connexion with certain intestinal flagellates which are known occasionally to invade the tissues or blood stream of vertebrates, such as the flagellate Hexamita intestinalis of the toad and Trichomonas hominis which has been found in the sub-epithelial tissues and even the blood of man.
The position taken by trypanosomes in the alimentary canal of insects, whether 'anterior' or 'posterior', is also discussed and correlated with the method of transmission of these parasites by the insects. When the position is anterior transmission it is probably by the bite of the insect and when pos terior by ingestion of the whole insect or of its excreta by the vertebrate. In fishes and amphibians the trypanosomes are transmitted by the bites of leeches.
O ther less common methods of transmission of trypanosomes are also con sidered, such as that of T. equiperdum which is transmitted by coitus and T. cruzi which can be transmitted through the mucous membranes and even through normal skin in young mice. This stimulating account led to an equally stimulating discussion by the members of the society present.
In 1938 Adler, Theodor and W itenberg gave an account of their inves tigations on M editerranean kala-azar in Ganea (Crete), a highly endemic area. They discussed in detail the epidemiology of kala-azar in this area and pointed out that hum an and canine visceral leishmaniasis had a distribution identical with that of P. major and that this was the only sa tance in Canea which could be concerned in the transmission of the disease; other species were absent or uncommon. On this account the bionomics of P. major in this area were studied and it was pointed out that the distribution of visceral and cutaneous leishmaniasis being accurately known, the cor relation of different species of sandfly with the areas these diseases occupied was a simple matter.
Thus the areas where cutaneous leishmaniasis occurred corresponded with the presence of P. sergenti and P. papatasii and those where visceral leishmaniasis occurred with the presence of P. major and P. chinensis var. simici. Although P. s e r g e n t i , P. papatasii and P. major could all become in by feeding on cutaneous lesions of L. tropica in human beings the findings showed that P. sergenti is the main vector in Canea. A brief review is given of the distribution of sandflies of the major group in the old world and corre lated with the distribution of visceral leishmaniasis.
About this time Adler with Tchernomoretz became interested in the treatm ent of visceral leishmaniasis and carried out certain experiments, human and animal, with 4 : 4 diamidine stilbene. These trials were strin gently controlled in the Syrian hamster but were not sufficiently suggestive to be carried further.
Adler later carried out some remarkable experiments in attempts to trans mit visceral leishmaniasis to man. The human material was five patients with advanced inoperable malignant disease. The object was to see if kala-azar could be experimentally produced by inoculation of cultures of L. donovani and of Leishmania from the organs of heavily infected Syrian hamsters and, if so, whether the enormous proliferation of the reticulo endothelial system seen in kala-azar would have a limiting effect on metastases. Only one of these cases, inoculated with cultures of L. donovani became infected. Although observed for nine months no clinical signs of kala-azar developed at any time although the organs were heavily infected. Careful histological and haematological investigations of this case were made with the general conclusion from these experiments that it is extremely difficult to transmit kala-azar to human beings debilitated by malignant disease.
In a subsequent experiment L. infantum from the spleens of Syrian hamsters was inoculated intra-gluteally and into supra-clavicular glands of an adult patient. About six weeks later the patient died and a few Leishmania were found in the spleen only. This patient had jaundice and his serum had no lytic effect on Leishmania flagellates which was possibly the reason that the parasites were able to reach the spleen.
In 1941 we again find Adler and M. Ber returning to attempts to produce infections of L. tropica in human volunteers by the bites of infected P. papatasii. The flies were infected by feeding through a membrane on a suspension of flagellates in three parts of 2 • 7 per cent saline and one part inactivated defibrinated rabbit blood. After feeding the flies were kept at a temperature of 30 °C and were re-fed at intervals on human volunteers. O ut of nine volunteers five became infected.
About this time Adler published a short note on the diagnosis of kala-azar. He emphasized that a spleen puncture, negative on microscopical examina tion, should be supplemented by culture of the puncture material. About 1948 About -1949 to determine the effect of cultivation over a long period of L. tropica Adler and A. Zuckerman studied the reactions obtained in a strain originally found in a wild sandfly and maintained in culture over a period of twenty years. They found that it was still infective to man by inoculation with an incubation period of eight months and that the leishmanin reaction was positive during ihe earliest stages of infection. On the other hand the infectivity to sandflies ( . papatasii) was reduced, the flagellates being confined to the stomach instead of ultimately reaching the oesophageal valve, and Syrian hamsters were refractory even after the passage of the infection through man. An Arthus phenomenon was produced in an immune human by the inoculation of living flagellates.
In 1955 Adler turned his attention from Old World leishmaniasis to that of the New World and with L. Halff made some observations on L. enriettii. They infected guinea-pigs with this parasite by repeated intra-cutaneous injections of cultures which gave minimal local reactions. When the injec tions were given intra-peritoneally lesions of the vulva and peri-anal tissues were produced. Smears of unbroken skin, but showing partially depilated areas, were found to contain parasites, a condition similar to that found in canine L. infantum infections and therefore the vector presumably could be infected by feeding on unbroken skin.
In 1961 Adler investigated the infectivity of a strain of L. infantum after prolonged culture. He pointed out that the infectivity of Leishmania sp. maintained in culture was unpredictable for various hosts, including the natural one. A strain of L. infantum isolated in M alta in 1932 was maintained in culture. In 1959 it was inoculated intra-splenically into three hamsters. After eight months smears and cultures from the spleen were positive. O ther strains, one from Malta obtained in 1932 and one from Israel in 1926 were non-infective to hamsters.
In a recent publication (1965) Adler with A. Foner and B. Montiglio examined the relationship between human and animal strains of Leishmania from the Sudan. These were two human strains of kala-azar, three human strains of cutaneous leishmaniasis, two strains from naturally infected sandflies (P. o r i e n t a l i s ), strains from Rattus
, Arvicanthis niloticus
Acomys albigena, Genetta genetta senegalensis and one from Felis serval philipsi. Sera were prepared in rabbits by six intravenous injections of rich flagellate cultures at six-day intervals and the rabbits were bled ten days after the last injection. Locke-serum agar was distributed in Kahn tubes and immune serum added to produce dilutions of 1 : 5 and 1 : 2000. Each series of tubes was then inoculated with homologous or heterologous strains. Cultures were incubated at 26 °C. The findings in each tube depended on the individual immune serum, its concentration and the antigenic structure of the particular strain. The results were read by the morphology of the culture in each case and the size and appearances of the syncytia produced in the cultures.
It was found that all the strains examined were indistinguishable and the obvious conclusion was that all the strains belonged to one species. These experiments would seem to confirm epidemiological evidence that kala-azar in the Sudan is a zoonosis and that L. donovani is maintained in an animal reservoir by cyclical transmission through a sandfly, probably P. orientalis.
Adler in 1962 gave a short account of approaches to research in leishman iasis, recording the various factors to be considered including variations in the types of foci concerned. These types are determined by the bionomics of the vectors (always phlebotomine flies) and the presence of a reservoir, human or animal, to infect them and so perpetuate the parasite by cyclical transmission.
The epidemiological differences between human visceral leishmaniasis in India on one hand and the Mediterranean area, Asiatic Russia and China on the other were stressed. The dominating factor here is the relatively greater frequency of parasites in the peripheral blood in the Indian disease. On the other hand the occurrence of Mediterranean and other forms of the human disease is due to the presence of the dog as a reservoir host, while in the Indian form man is the chief if not the only reservoir. The epidemiology in the Sudan and Kenya differs from both regions as well as from endemic foci in the New World. It is pointed out that where a proved vector has a wider range than human infections then an animal reservoir with a range more restricted than that of the vector is indicated.
Theileria and Babesia About 1934 Adler with V. Ellenbogen became interested in the question of infection with Theileria annulata in cattle imported into Palestine. These were of breeds superior to indigenous cattle from the point of view of dairying practice. The mortality from this parasite in the imported cattle was about 35 per cent, a serious economic consideration. He had noticed that the mortality in calves of these imported breeds which had acquired the disease naturally was much lower than in the case of adults and that the disease ran a milder course. The relative immunity of the less valuable native cattle he attributed to the probability of their infection as calves followed by resis tance. This view was corroborated by experiments and the known fact of low mortality in the calves of imported breeds which led to attempts to pre immunize the calves of imported breeds by inoculating them with strains of Theileria so to produce cattle which were healthy as soon as the initial disease was recovered from. These cattle might still retain a low-grade infection but this did not affect their general health. The results of this procedure were most encouraging and resulted in a great economic saving. Thus in calves so treated the mortality was 3 per cent as against 35 per cent in naturally infected adults. The method of protection of imported herds now followed consists of inoculating calves from two to eighteen months old with a benign strain of T. annulata from Algeria followed two months later by a second inoculation with a local virulent strain. Following this technique there is a mortality of about 3 per cent. The advantage of this procedure to the Israel dairy industry was a source of considerable satisfaction and pride to Adler whose love of pure science did not blind him to the need to give practical application to the results of his investigations.
Adler and B. Feldman-Muhsam described a species of Nuttalia in the gerbil M erionestristram i. This is not pathogenic in normal animals but becomes so, though rarely fatal, after splenectomy. The infection was suc cessfully transmitted by nymphs of Rhipicephalus sanguineus which had been fed as larvae on infected animals.
Entomology
Adler was a very able entomologist which is readily understandable since most of the subjects in which he was interested had an entomological back ground. But he was an entomologist in his own right quite apart from the applications of this discipline to the various aspects of his studies.
In 1945 he made an exhaustive survey of the sandflies of Cyprus. The species listed below were found and a useful synoptic In 1957 Adler and O. Theodor published a very interesting and useful review on the transmission of disease agents by phlebotomine flies. These sandflies are known to be the vectors of sandfly or phlebotomus fever, the various forms of leishmaniasis, Carrion's disease or Oroya fever and an urticarial condition caused by the reaction of the skin to their bites.
The bionomics of sandflies are first discussed in considerable detail, dealing with their wide geographical and climatic distribution, the former embracing all the continents where climatic condition of temperature and humidity are suitable. Only the female is haematophagous but some species also ingest plant juices, while the larvae feed on decomposing organic material of many sorts. The alimentary canal of adults, both fed and unfed, is bacteriologically sterile, an important fact since contamination by bacteria is usually fatal to the insect. The food preferences of the adults vary con siderably with the species and may comprise both mammals and reptiles. The serum of humans is lytic for Leishman the active the gamma globulins.
A method is described for determining the question as to whether an individual fly is newly hatched or has fed, laid eggs and is ready to re-feed. In the newly hatched female the accessory glands of the oviduct are nearly empty and in the secretion no granules are discernible. These appear after the first blood meal so that a female with no blood in the stomach and with eggs in an early stage of development but with granules in the accessory glands is a fly which has digested a blood meal, laid a batch of eggs and is ready for a re-feed. The use of this knowledge could provide valuable information on population dynamics.
Most species of sandflies of the Palaearctic region pass the winter as fourthstage larvae. These pupate in spring. In the tropics there is no complete seasonal cessation of breeding but the number of flies may be smaller in the colder months. Humidity is a decisive factor especially for gravid females which will only oviposit well at a relative humidity of nearly 100 per cent. In arid regions the sandflies obtain these conditions by seeking a suitable micro-climate in rodent burrows or fissures in the soil.
An account is next given of the transmission of leishmaniasis by sandflies. The methods and experimental techniques have been fairly fully covered in other parts of this memoir and need not be mentioned here. It will suffice to say that the transmission of L. t r o p i c a , South American mu visceral leishmaniasis are described in that order and the various vector sandflies, when known, are indicated together with the incriminating evidence for the individual species.
The clinical similarity between Old World and New World visceral leishmaniasis is commented on and the question raised as to whether the disease originated from dogs imported from the Mediterranean area at the time of the Spanish conquest or was indigenous in America. Transmission in the Mediterranean area is by sandflies of the major group only while the sandflies of the New World are systematically very different from these. It seems improbable therefore that a Leishmania species, specifically restricted in transmission to sandflies of the major group should prove adaptable to transmission by American sandflies. Carrion's disease, or Oroya fever, the pathogenic agent being Bartonella bacilliformis is believed to be transmitted by sandflies, the most convincing experiments being those conducted by Hertig, using wild sandflies, probably P. verrucarum. Phlebotomus fever (Papataci fever, sandfly fever) is shortly dealt with. Transmission by the bite of P . p a p a t a s i ihas been prov occasions. Harara is merely the reaction of the skin to the bites of sandflies.
When Adler was concerned in work connected with the importance of Theileriasis in cattle in Palestine he and B. Feldman-Muhsam made a study of ticks of the genus Hyalomma in that country. The diagnosis of species at that time depended chiefly on distinction of fine shades of colour on the legs and on surface markings but owing to great variations in these characters this method was highly unsatisfactory. The importance of this genus in connexion with transmission of Theileria annulata induced them to suggest certain characters for specific identification. Their descriptions are highly technical and need not be elaborated here but their study resulted in the production of a synoptic 
H. marginatum. H. detritum. H. dromedarii.
Adler and W. Mayrink when in South America turned aside from their main objects of research to describe a gregarine from a local sandfly P. longipalpis.A description is given of this gregarine to which they assign the name M onocystischagasi. The gregarine conforms to the general features of othei species of Monocystis and especially, with some modifications, to M. mackiei (Shortt & Swaminath) of P. argentipes.
Relapsing fever Tick-borne relapsing fever of Palestine
In 1936 Adler, O. Theodor and H. Schieber showed that the vector of the relapsing fever of Palestine was the tick Ornithodorus papillipes and that the infection was caused by the actual bite of the tick which inoculated the causative spirochaete, Spirochaeta sogdianum, into the wound. This was proved by demonstrating spirochaetes in smears made from the puncture wounds inflicted both in humans and rats, the latter becoming infected. Adler himself became infected and nearly lost his life from the disease-such a one was the man Adler! Most of the cases could be traced to infection acquired in caves infested with Ornithodorus papillipes. The incubation period was five to nine days following the bites of tick larvae. In one case cited two men who were exposed to bites during twenty minutes in a cave both became infected. One had four hundred bites and the other two hundred. The symptoma tology and the treatment given is described. The causative organism Spirochaeta sogdianum, is apparently arsenic resistant. In these caves it appears that only the larvae attack human intruders, the nymphs and adults showing no tendency to attack.
At a later date Adler and R. Ashbel investigated the behaviour of Spirochaeta persica in Pediculus humanus. Five human strains were studied which showed considerable diversities in their behaviour in lice. Four of the strains ingested by lice died out within 24 hours but survived three to seven days when introduced into the coelom. One strain survived for ten days when ingested and seven days in the coelom. In no case was there multipli cation in the coelom and therefore it is very improbable that lice are the transmitting agents of S. persica, and their presence in the lice was of no biological significance. On the other hand these spirachaetes were readily transmitted by the tick Ornithodorus th In consid ments the relationship between tick-borne and louse-borne relapsing fever is discussed. Bergman he undertook the synthesis of lipophilic chemotherapeuticals and produced a series of compounds which the present writer is not competent to comment on. The toxicity and trypanocidal properties of these products were tested in experiments on white mice and rats. About the same time in conjunction with I. Tchernomoretz he tested the action of 4 : 4 diamidino stilbene on various piroplasms. The species used were Babesiella ovis in goats and Babesia bigemina in calves, splenectomized animals being used throughout. Using relatively large doses of two to four milligrams per kilo body weight it was found that treatment was effective in Babesiella ovis and Babesia bigemina. On the latter the action of the drug is very rapid but complete elimination of the infection is not achieved, a great advantage in endemic areas as the animal remains in a state of pre-immuniz ation.
Chemotherapy
Following their previous work with 4 : 4 diamidino stilbene in the treat ment of piroplasms Adler and I. Tchernomoretz investigated the effect of this compound on Leishmania donovani and L. infantum in Syrian hamsters (Cricetus aureus). The drug was found to have some therapeutic action on these infections, more so in the case of L. donovani than in that of L. infantum. This and other compounds were also tested against cultures of L. donovani.
As regards bird malaria due to Plasmodium gallinaceum he found that in birds inoculated with extra-erythrocytic parasites and treated intensively with quinine hydrochloride five continuous passages were obtained of extraerythrocytic infections with complete absence of erythrocytic multiplication while quinization was continued.
In 1942 Adler and I. Tchernomoretz in continuation of their chemo therapeutic studies tested the action of certain aromatic diamidines on L. donovani infections in Syrian hamsters. O ut of six compounds tested one 4 : 4 diamidino diphenoxy propane had a marked therapeutic action but less than that of 4 : 4 diamidino stilbene in heavy infections. They recorded failure to cure naturally occurring canine leishmaniasis with any of the drugs available to them, viz. 4 : 4 diamidino stilbene and neostibosan. They also studied the action in vitro on a Sudan strain of L. infantum of three compounds, Stilbamidine, Propamidine and Pentamidine. The first of these was found to be the least effective in vitro against both the Leishman-Donovan body and the flagellate stage. The Leishman-Donovan body was found to be more sensitive to the action of all three compounds than the flagellate stage. Propamidine and Pentamidine were less effective against the Sudan strain of L. infantum than against an Indian strain of L. donovani.
Adler and L. Bichowsky tested the action of biotin concentrate on Trypanosoma cruzi, T. lewisi, Leishmania donovani (Indian strain) and L. infantum (Sudan strain). It was found to have a marked inhibitory effect on the growth of all these strains, which raised the possibility that biotin concentrate might act as an antibiotic for these flagellates. The samples of biotin concentrate varied markedly in activity but it was concluded that although biotin concentrate contained a substance with an inhibitory effect on the growth of the organisms cited this substance is not biotin.
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Malaria and kindred subjects W ith his interest in tropical medicine it was inevitable that, sooner or later, Adler would turn his attention to malaria, especially mammalian and avian malaria. Wfith Tchernomoretz he showed that extra-erythrocytic stages of Plasmodium gallinaceum produce merozoites which develop directly into gametocytes. Their method of demonstrating this was to treat mosquitoinduced infections in adult fowls with quinine in massive doses until erythro cytic schizogony was completely suppressed and the red cells contained only small unpigmented parasites. For these the only source must be the extraerthrocytic cycle. By allowing these forms to develop, gametocytes, which cou d be recognized at an early stage, matured before the first cycle of ci yt irocytic schizogony was completed. This was a complete demonstration cycle gamet°CyteS bC p i°duced directlY from the extra-erythrocytic
In 19i50 Adler, M. Yeoli and A. Zuckerman gave an account of the first plasmodium found to be infective to rats and mice, Plasmodium berghei.
Originally isolated from a wild tree-rat sp., it produces a fatal infection in mice and rats. They also found it infective for the golden hamster Mesocricetus auratus and a field vole Microtus guntheri.
In 1952 Adler and A. Zuckerman described the morphology and charac ters of a hum an malaria parasite, a strain of Plasmodium ovale originating in Iraq. Certain characters such as the degree of pigmentation and the number of merozoites in mature schizonts differed from those in the typical P. ovale.
About two years later Adler studied the behaviour of P. berghei in golden hamsters when these animals were already infected with visceral leish maniasis (L. i n f a n t u m ). Thirty-six animals were inoculated at various intervals with P. berghei, forty million parasites being used in each case. The results of these experiments were illuminating: nineteen animals died of P. berghei infection but survived longer than controls. Nine developed only a light infection of P. berghei. Seven showed no P. berghei parasites in the peripheral blood but the heart blood was infective to mice. In all animals the cells of the reticulo-endothelial system in spleen and liver were packed with Leishman-Donovan bodies and malarial pigment. This showed that a virulent strain of L. infantum does not produce a blockage of the reticulo endothelial system since phagocytosis is not inhibited. On the other hand L. infantum confers marked protection against P. berghei in hamsters.
In 1958 Adler investigated the effects of a meat diet on infections of Plasmodium vinckei in mice. The parasitic strain was typical, producing a mortality of 100 per cent in white mice. It was found that out of 47 mice given an exclusive meat diet with water and infected with the same strain only three died of the infection. O ut of eight splenectomized mice similarly treated one died of the infection.
In 1960 Adler and Ann Foner investigated the behaviour of P. vinckei before and after adaptation to splenectomized hamsters. A strain causing 100 per cent mortality in mice was adapted to splenectomized hamsters. After adaptation the strain was stable in splenectomized hamsters and its virulence in these did not increase after two hundred passages. M orpho logical differences were noted between this strain and that in mice, relating chiefly to the number of merozoites in mature schizonts. It was also found that the hamster strain had decreased in virulence for mice, now killing only 20 per cent of inoculated animals. The hamster strain after inoculation into mice reverted to its original morphological characters and, after thirteen to sixteen passages, again gave 100 per cent mortality.
In 1965 Adler and A. E. Gunders studied the immunization of mice against a virulent strain of P. vinckei by artificial mild infections on a diet deficient in para-aminobenzoic acid. The strain used produced a 100 per cent mortality in mice. A previous infection with a benign hamster-adapted strain reduced the mortality to 10 to 20 per cent in mice. A solid immunity against the virulent strain could also be produced directly by placing mice on a meat diet. While this is maintained an inoculum of 40xl06 to 200 X 106 parasites of the P. vinckei virulent strain results in keeping the infection at a low level or even suppressing it, because P. vinckei is dependent on para-aminobenzoic acid of which there is not enough in the meat to allow maximal parasitaemia. This is proved by the fact that intra-peritoneal injections of PABA daily completely abolishes the suppressive effect of the meat diet. Mice inoculated with a P. vinckei virulent strain were maintained on a meat diet for 10 to 14 days and then placed on a normal diet. All relapsed and developed infections of varying intensity from which 15 out of 17 recovered and became immune. This degree of immunity from a strain otherwise producing a mortality of 100 per cent is significant.
Following up this work Adler and Ann Foner demonstrated the transfer of antibodies to P. vinckei through the milk of immune mice. Female mice immunized against a virulent strain of P. vinckei by the method described above and challenged repeatedly by the virulent strain were mated and challenged with the virulent strain continued. The resulting suckling mice of varied ages were inoculated with the virulent strain, each to the extent of 4 x 106 parasites. During lactation each mother received a daily injection of 1 mg PABA to induce maximum parasitaemia in the infected suckling mice. Ninety-nine out of 295 suckling mice nursed by the immune mothers recovered. Control suckling mice nursed by normal mothers showed a mortality of 100 per cent. The protection due to antibodies in the milk of the infected mothers was maximal in suckling mice inoculated when eight days old or older. The majority of the suckling mice which survived developed a peak parasitism (60 per cent or higher) which is invariably fatal in normal animals. The protective function of the milk is attributed to specific anti toxins protecting the haemopoietic system and the immunological mechanism. 4 he presence of these antitoxins implies the existence of toxins which are specific antigens.
Adler and Ann Foner made some further observations on P. vinckei in hamsters and mice. These followed previous work in 1961 recording the adaptation of a strain of P. vinckei to splenectomized hamsters. This strain, called the H strain, is relatively less virulent to mice than the original virulent strain, called the B strain, from which it had been adapted to hamsters. A mixture of these two strains in the proportion of 70 per cent H strain and 30 per cent B strain was inoculated into a mouse. After nine passages in mice this strain was no longer infective to hamsters, the loss of infectivity being gradual, the final H strain content being only 0 • 5 per cent. In another experiment the proportion of B strain to H strain was reduced and in this case, after sixteen passages in mice showing a gradual decrease in virulence, hamsters inoculated were not infected. The results of these two expei iments show clearly that the elimination of the H strain from the mixture of H and B was a gradual process. The explanation of this elimina tion is the very short prepatent period of the B strain compared with the H strain resulting in a much more rapid increase of B parasites, so that the proportion of these to H parasites leads eventually to the elimination of the H strain.
Serology and immunology
During the last five or six years Adler became increasingly interested in serology, chiefly as a means of differentiating species and strains in parasites of various kinds. From what has been written here previously it will be evident that much of his work had affiliations to serology and it is not possible therefore to dissociate the serological aspects of many of his experi ments from their other essential objects in the proof of which serology played an essential part. This section therefore is concerned chiefly with various experiments in which serology plays an im portant part and which have not previously been dealt with here.
In the course of work on the serology of various species of Leishmania, immune sera were prepared in rabbits against tropica, L. infantum and a Leishmania of a lizard Latastia longicaudata. In the cases of the human species two sera were prepared, from the flagellate form and from LcishmanDonovan bodies respectively. The sera from flagellates gave a titre of 1 in 500 in the hum an species and 1 in 20 000 in the case of the lizard Leishmania. Strangely enough the latter serum also contained agglutinins against L. infantum, L. donovani, L. brasiliensis and L. tropica. The sera from LeishmanDonovan bodies gave only weak titres of 1 in 10 to 1 in 50 against the homologous flagellates, showing that the Leishman-Donovan bodies are relatively poor in agglutinogenic antigens.
Connected with these experiments were some conducted with the hamster Mesocricetus auratus on similar lines. After repeated inoculations with material from cultures of L. tropica, L. infantum and the lizard Leishmania, agglutinins were produced in the hamsters' serum against the homologous flagellates but, strangely enough, agglutinins could not be demonstrated in the serum of other most heavily infected animals in which the cells of the reticulo endothelial system were packed with Leishman-Donovan bodies.
Adler in 1962 studied the action of specific serum on a strain of Trypano soma cruzi-The strain was grown on Locke-serum-agar and varying dilutions of specific serum prepared in rabbits were added to it. In dilutions of 1 : 3 to 1 : 10 specific serum inhibited the growth of T.
, but in greater dilutions growth was not inhibited. W ith some sera there is a range of con centrations within which the growth consists entirely of leishmanoids in groups which may attain a diameter of 700 fim. Flagellates put into medium with suitable concentrations of serum become leishmanoids within four days. Beyond this range and up to a titre of 1 : 5000 syncytia are found 20 to 350 ju.m in diameter which differentiate into leishmanoids, trypanosomes and crithidia. The process of differentiation is described. The predominant type produced depends on the concentration of the sera-leishmanoids and trypanosomes in higher and crithidia in lower concentrations. It was found that agglutinins could be recovered from organisms grown in specific serum.
This Adler was fascinated by the skin sensitivity phenomenon in cutaneous leishmaniasis and was donating 200 to 500 ml. of blood even during his last illness for experiments on the transfer of sensitivity-using leucocytes. He would walk into the laboratory with his sleeves ready rolled up and insist on blood being taken for yet another serological test. His arms looked like those of a drug addict marked throughout with Arthus reactions due to leishmania testing.
In a short account in 1965 Adler deals with the question of the immunology of leishmaniasis on general lines and covering a large field. He first considers morphological methods of identifying apparently indistinguishable species and then goes on to a study of the cellular and humoral reactions in the various clinical types. This is first evidenced by invasion by and proliferation of histiocytes, with a secondary infiltration of round cells and plasma cells, localized in cutaneous and generalized in visceral infections. This secondary infiltration is imperative if there is going to be spontaneous cure in oriental sore. In the case of visceral leishmaniasis, however, neither the cellular nor humoial reactions as a rule result in spontaneous cure. In the visceral disease there is typically a hyperglobulinaemia. The third factor considered is the question of cross immunity between strains of different antigenic constitution but with certain antigens in common. He next considers the Montenegro reaction (leishmanin reaction)-a delayed hypersensitivity regularly positive in cutaneous and muco-cutaneous leishmaniasis. This appears before and remains indefinitely positive after spontaneous cure. It is normally negative in the visceral disease during the febrile stage but may become positive after cure. Finally there is considered the effect of visceral infections on the efficiency of the immune mechanism as shown by homogtaft i ejection and the production of antibodies against various antigens.
A study is described of the behaviour of a strain of Leishmania, derived from a sandfly, P. martini, in suckling mice. This strain was serologically indistinguishable from two strains isolated by R. B. Heisch from cases of kala-azar in Kenya. One-to seven-day-old mice were used and rich cultures were inoculated intra-dermally into the dorsum above the tail. The mice were examined one to ninety-six days after inoculation. Smears from the spleen in all cases examined were negative, while cultures from the spleen were positive in only two cases examined one day after inoculation. In the con nective tissues, however, infection could be demonstrated by culture and diiect microscopic examination up to ninety-six days after inoculation. Fiom these results Adler suggests the desirability of examining connective tissue in the case of suspected animal reservoirs if spleen examinations are negative.
Owing to the difficulty in differentiating various strains of Leishmania in South America causing cutaneous and muco-cutaneous lesions Adler sought to solve this by serological methods. He used the strains L. brasiliensis, L. mexicana and L. tropica. The method used was that already described above in connexion with T. c r u z i . W ithout going into further detail it that in varied concentrations of anti-sera the nature of the growth in cultures (syncytia) with homologous and heterologous sera gave a means of dis tinguishing these three strains and proved that they were distinct species.
About 1947 Methods for the isolation of bacteria-free cultures are described. Two different sero-types of T. hominis were found which had no common agglu tinogens. One of these had agglutinogens in common with strains of T. vaginalis but could readily be distinguished by absorption tests. It was demonstrated that T. vaginalis is not a homogeneous strain, eight distinct sero-types being found among nineteen strains isolated. Two strains of T. vaginalis and one of T. hominis did not change their antigenic constitution after 68 passages on medium containing homologous serum. Direct agglu tination of suspensions of living flagellates and cross-absorption tests are enough to distinguish between different strains. W ith regard to T. tenax three strains (not bacteria-free) showed agglu tination with homologous sera but there was no cross agglutination with the strains of T. hominis and T. vaginalis examined. Two types of antibody were found in specific sera against T. t e n a x , one of wh flagellates and one which caused paralysis of flagella.
In a contribution to a symposium of the British Society of Immunologists Adler deals with immune phenomena in leishmaniasis. He shows that the effect of introduction of L. tropica into the dermis stimulates a local prolifera tion of histiocytes in which Leishman-Donovan bodies multiply. This is followed by an invasion of lymphocytes and plasma cells. The histiocytes now cease to proliferate and their numbers decline. The parasites pari passu diminish until they disappear and the local infiltration melts away. In this case of Old World cutaneous leishmaniasis spontaneous cure is followed by lasting immunity.
In New World cutaneous leishmaniasis the position is obscure, even recently isolated strains often showing loss of infectivity to man and animals. The Uta of Peru clinically resembles L. tropica infection and is similarly followed by immunity. On the other hand the muco-cutaneous form pro duces metastatic lesions in the skin, mucosa of the mouth and naso-pharynx. The cellular reactions follow the pattern of Old World cutaneous leish maniasis. Complement-fixing antibodies have not been found in the cutaneous and muco-cutaneous leishmaniases and specific antisera show no appreciable parasiticidal properties.
Dealing with visceral leishmaniasis Adler reflects on the fascinating illustration of intense tissue response which is quite unsuccessful. The hyperplasia of immunologically competent cells only results in a greater supply of living room for the parasites. Spontaneous cure seldom occurs in man and never in hamsters. A certain number of clinically cured cases subsequently develop skin lesions (dermal leishmanoid), which contain numerous parasites but there is no generalized infection. A constant feature of visceral leishmaniasis is a marked increase in y globulins in the serum. The defence mechanism is eventually a failure and this is not due to blocking of the 1 cticulo-endothelial system because the histiocytes actively ingest malarial pigment in hamsters when these are inoculated with Plasmodium berghei. It is clear therefore that leishmaniasis presents problems of funda mental interest to immunologists and that the questions are more numerous than the answers.
In 1965 Adler with D. Nelken made attempts to transfer delayed hyper sensitivity to L. tropica by leucocytes and whole blood. Delayed hyper sensitivity of the dermis is an important problem in current immunology. It has been shown (Chase, 1945) that delayed tuberculin sensitivity can be ti ansfen ed to normal guinea-pigs by injection of washed cells from peritoneal exudate, spleen and lymph nodes of tuberculin-sensitive animals. Lawrence (1949) showed that the tuberculin reaction could be transmitted to tuber culin-negative persons by subcutaneous injection of leucocytes from the circulating blood of tuberculin-positive donors. It occurred to Adler and Nelken that active and cured cases of oriental sore were ideally suitable for the study of delayed hypersensitivity. Immunity to L. tropica is probably cellular, due to mobilization of immunologically active cells at the site of the lesion. This reaction (leishmanin reaction) is positive in 98 per cent of active cases and persists indefinitely after spontaneous cure. The donor used in the experiments was ideal in that he showed exceptional hypersensitivity to minute amounts of L. tropica antigen. In two experiments very large numbers of leucocytes separated from the donor's blood were injected subcutaneously into volunteers. These were repeatedly challenged by intradermal injections of L. tropica flagellates. They showed no trace of delayed hypersensitivity. The same result was achieved in two other volunteers transfused with large quantities of whole blood from the donor. The contrast in these cases with the results obtained in the transfer of the tuberculin reaction was striking and unexpected and Adler and Nelken suggest some hypothetical explanations.
In a short paper Adler discusses some problems of evolution as applied to protozoology. He points out that some problems specifically lend themselves to experimental investigation in the case of protozoa because the time scale is contracted and a large number of generations can be observed in a comparatively short time.
Adler made some very interesting observations on the nature of Darwin's illness which had defied the diagnosis of his doctors during forty years of invalidism and led them to put him down as a hypochondriac. He refers to Darwin's own description of his being attacked by 'benchucas', a species of Reduvius, the 'great black bug of the Pampas', Triatoma infestans, the most im portant vector of Trypanosoma cruzi, the cause of Chagas disease in South America. Darwin's symptoms fitted into the framework of Chagas disease and Adler thinks that this is what he suffered from.
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